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Preface
The closest contact most of us have with the oi l  and gas industry is pumping gas at the
local f  i l l ing stat ion or paying home fuel bi l ls.  What we often don't  real ize is that locat ing fossi l
fuel  deposits in the earth and br inging them to the consumer is an extremely compl icated
industry.  ln this publ icat ion we' l l  take a br ief  look at al l  segments of this part  of  the nat ional
energy program.
This publ icat ion is the third in a 12-part  energy resource ser ies designed for the adult
and student with a ser ious interest in the energy si tuat ion. Each publ icat ion examines a
dif ferent energy source and considers the advantages and disadvantages associated with i ts
use.
When necessary, diagrams and/or tables are used to clar i fy or elaborate upon
in fo rmat ion  found in  the  tex t .  Quest ions  w i th  answers  are  inc luded a t  the  end o f  each
publ icat ion so that you can test what you have learned.
The au thor  w ishes  to  thank  Joseph Taraba and L inda Bach o f  the  Depar tment  o f
Agricul tural  Engineering, Universi ty of Kentucky, for reviewing the text.
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Energy Resource Series for Youth
and Adult Energy Programs
3. Oil and Gas
The Origin of  Oi l  and Gas
The oi l  and gas in the earth today were formed
many mi l l ions  o f  years  ago,  long  be fore  humans
appeared on the scene. Therefore, man can only
theorize about the or igin of these fossi l  fuels.
The most  w ide ly  accepted  theory  i s  tha t  the  o i l
and gas  found in  the  ear th  today  had the i r  beg in -
n ings  in  decomposed an imals  and p lan ts .  The
decomposit ion was caused by bacter ia and chemi-
ca ls  ca l led  enzymes wh ich  d iges ted  the  p lan t  and
an imal  bod ies .
The common by-products of this decomposi-
t ion  are  water  (HrO) ,  ammonia  (NHr) ,  hydrogen
su l f  ide  (HrS) ,  methane (CHo)  and carbon d iox ide
(COr) .  l t  i s  the  methane or  na tura l  gas  tha t  i s  use fu l
to  us  today .  Natura l  gas  is  be ing  fo rmed cont inua l l y
in  the  fo rm o f  marsh  and sewer  gas  f rom any th ing
that rots or decomposes. However,  these quant i t ies
are relat ively scanty, widespread and of l i t t le use to
us today.
The theory  asser ts  tha t  ex t remely  lush  growth
of  fe rn- l i ke  p lan ts  and grea t  numbers  o f  an ima ls ,
both large and smal l ,  were very quickly covered by
upheavals of the earth's crust.  This act ion was
probab ly  caused by  g igant ic  vo lcan ic  e rup t ions .
There is evidence of large mammoths fossi l ized with
a  mouth  fu l l  o f  p lan ts ,  ready  to  chew and swa l low,
ind ica t ing  rap id  and unexpected  bur ia l  by  the  up-
heava l .
P lan ts  and an imals  a re  o rgan ic  subs tances ;
there fore ,  they  w i l l  decompose.  But ,  i f  no t  p ro-
tected, the results or by-products of decomposit ion
wi l l  be swept away by wind and water,  leaving very
l i t t le  o f  the  or ig ina l  o rgan ic  subs tance concent ra ted
in the area. What happened in the past is qui te
simi lar to what farmers do today to preserve a
hea l thy  c rop  o f  g reen feed,  such as  corn  or  a l fa l fa .
They preserve i t  by putt ing i t  in a si lo.
A  s i lo  i s  a  la rge ,  sea led  s t ruc tu re .  Bac ter ia  a re
a lways  present  on  l i v ing  (o rgan ic )  subs tances .
When the  l i fe  cyc le  o f  a  p lan t  o r  an ima l  i s  in te r -
rupted, the bacter ia,  which have been held at bay by
the  l i v ing  p lan t  o r  an ima l  ce l l s ,  ga in  the  upper  hand
and s ta r t  consuming the  organ ic  mater ia l .  In  the  s i lo
some o f  the  by-produc ts  cannot  escape,  and the
bac ter ia  themse lves  beg in  to  d ie  o f f  s ince  they  can ' t
l ive in their  own by-product.  Thus, the decomposi-
t ion process ceases. This might be l ikened to
preserv ing  by  p ick l ing .
A s imi la r  s i tua t ion  occur red  when the  l i v ing
p lan ts  and an imals  were  qu ick ly  bur ied .  The bac-
te r ia  cou ld  decompose the  organ ic  remains  bu t  the
by-products, sealed under great layers of earth,
were preserved for mi l l ions of years.
We must remember that i t  is not the bacter ial
decomposit ion that creates the energy. This act ion
is simply the preservat ion or storage of i t .  The
bu i ldup or  inpu t  o f  energy  or ig ina l l y  came f rom
sunl ight through photosynthesis.
I t  is known now that i t  took two types of events
to ini t iate the formation of oi l  and gas. First ,  there
was the vast growth of green plants,  with the large
number  o f  an ima ls  feed ing  on  them and second,
there  was the  ex t remely  rap id  cover ing  and sea l ing
of this growth to cause preservat ion. Without these
two extraordinary events we would not have the
fossi l  fuel  age of today.
There appear to have been numerous occur-
rences of heavy growth and burial  at  var ious t imes
and places on the earth's surface. This is evident
s ince  we f ind  foss i l  fue ls -o i l ,  gas  and coa l -a t
widely separated places and in layers separated by
many feet of  earth and rock. The main di f ference
between o i l ,  gas  and coa l  i s  the  much grea ter
a m o u n t  o f  a n i m a l  m a t t e r  m a k i n g  u p  o i l a n d  g a s .  W e
might  th ink  o f  o i l  and  gas  be ing  c lose  k in ,  l i ke
bro ther  and s is te r ,  wh i le  coa l  i s  a  l i t t le  more  d is tan t
k in ,  l i ke  f i rs t  o r  second cous ins .
The Elements of Oil and Gas
Oi l  and gas  are  o f  the  same fami ly ,  each hav ing
organ ic  o r ig ins .  Th is  o rgan ic  fami ly  i s  made up  o f
molecules cal led hydrocarbons; their  elemental  or
a tomic  makeup cons is ts  o f  carbon and hydrogen
atoms.
The preserved, part ial ly decomposed remains
of  the  p lan ts  and an imals  a re  ex t remely  impor tan t  to
us  because they  are  hydrocarbons  and w i l l  burn .
That 's  why  we ca l l  them fue ls .  When oxygen is
mixed with these fuels and raised to the igni t ion
temperature by a spark or match, the hydrocarbon
molecule is broken apart .  Oxygen atoms then join
the separate carbon atom forming carbon dioxide,
and the hydrogen atoms join other oxygen atoms to
f orm water.  Energy in the form of heat is given off  by
these two combinat ions because the bonding-
energy was lower in the hydrocarbon form than in
the  carbon d iox ide  or  water  combina t ion .  Th is  heat
can be used for many purposes, such as heat ing
homes or  water ,  cook ing  or  d r iv ing  p is tons  in
eng ines .
The Search for Deposits
The fact that these fuels have been preserved by
being buried beneath hundreds and even many
thousands of feet of  earth and rock has been a
blessing as wel l  as a curse. The good part  is that the
qua l i t y  o f  the  f  ue l  has  been kept  qu i te  h igh ;  the  bad
part  is that i t  is extremely di f f  icul t  to locate the exact
posit ion of these preserved f  uels and, when located,
i t  i s  ex t remely  d i f f  i cu l t  to  b r ing  them to  the  sur face .
People who work at locat ing these fuels are
h igh ly  sk i l led  sc ien l i s ts  known as  o i l  geo log is ts  and
geophysicists.  These scient ists know the kind of
rock formations and strata that are l ikely to contain
oi l  and gas. They then concentrate their  ef forts at
these loca t ions .  O i l  and gas  are  found,  in  la rge ,
economica l l y  use f  u l  quant i t ies ,  on ly  in  sed imentary
rock formations. Sedimentary rock includes l ime-
stone, sandstone and shale. Limestone comes from
remains ,  such as  the  she l l s  o f  s ing le -ce l l  an ima ls
and she l l f i sh ,  and the  ske le tons  o f  bo th  very  smal l
and large animals. Shale and sandstone come f  rom
similar deposits transported from other places by
water.  These deposits then sett le out,  giv ing r ise to
the name sedimentary.
Special  instruments are used to help pinpoint
l i ke ly  pos i t ions .  The grav imeter ,  se ismograph and
magnetometer are the most used. However,  in
certain instances. instruments that measure electr i -
cal  resistance of the soi l  and rock, as wel l  as
radioact iv i ty are employed to aid in the search for
favorable si tes.
Porous rock formations, being less dense,
cause less gravi tat ional at tract ion than very dense
rock. This can be detected by the gravimeter.  This
instrument can be set up at many di f ferent locat ions
over  a  la rge  area  and w i l l  fu rn ish  c lues  as  to  the
potent ial  oi l  or gas holding capacity or rocks be-
neath the surface.
Dif ferent type rock formations cause varying
magnetic f ie ld intensit ies and direct ions. These
changes can be detected by a magnetometer.  This
instrument is so sensit ive i t  can be suspended below
an aircraft  by a cable and survey a very large area
qu ick ly .
The seismograph method is very precise but is
slower and more expensive. The equipment re-
quired by this system is more cumbersome, and
usual ly a large crew is involved. At least wo vehicles
are needed, one the shot truck and the other the
recording truck. These vehicles can be separated by
many mi les ,  depend ing  on  c i rcumstances ,  w i th
communicat ion between them by radio.
The shot truck sets off  a dynamite charge, and
the  shock  v ib ra t ions  f  rom th is  min ia tu re  a r thquake
travel out in al l  d irect ions through the earth and are
ref lected from rock layers back to the receiving
truck. These are recorded on tapes for the geolo-
gists to study. This process can be repeated at many
d i f fe ren t  loca t ions ,  so  tha t  a  th ree-d imens iona l
picture of the rock layer beneath the surface is
fo rmed.  Some modern  veh ic les  use  mechan ica l l y
generated vibrat ions. This speeds up the process so
that much more ground can be covered.
The fo rmat ions  tha t  a re  favorab le  to  ho ld ing
gas  or  o i l  depos i ts  look  someth ing  l i ke  those shown
in Figures 1 and 2. There are many other formations
that scient ists know offer possibi l i t ies, but these two
are typical .  Often oi l  and gas are found together
because they are from the same or iginal  mater ials
that,  when decomposed, form hydrocarbons.
l f  the records of the instruments how favorable
signs at a certain locat ion, the geologists wi l l  report
tha t  d r i l l i ng  a t  th is  loca t ion  cou ld  resu l t  in  f  ind ing  o i l
o r  gas .  There  is  no  way they  can be ' t0O percent
cer ta in ,  shor t  o f  ac tua l  d r i l l i ng .
O i l ,  as  i t  i s  found in  i t s  na tura l  s ta te ,  has  been
g iven the  descr ip t i ve  name o f  c rude.  Th is  word
means that the mater ial  is in the natural ,  un-
processed state. Al l  crude oi l  does not look the
same. l t  may be color less or a deep, pi tch-black. l t
can  range f rom ra ther  b r igh t  ye l low th rough brown
to  a  g reen co lo r .  The c rude may be  th in  and f low l i ke
water  o r  be  th ick  l i ke  co ld  molasses  and cause grea t
d i f f i cu l ty  w i th  pumps and p ipes .
Natural  gas may be found close by, even mixed
in the crude, or i t  can be col lected in isolated places.
During the decomposit ion, the by-product of the
bacter ial  digest ion produces a natural  gas very
much l ike marsh gas or sewer gas, when organic
substances are decomposed. This gas very often
bui lds up pressure and forces i ts way into any open
cav i t ies  in  the  rock  fo rmat ions .
tapped by  dr i l l i ng ,  the  gas  rushes
When these are
to the surface.
Flg. 1.-A cross section of a port ion of the earth's crust showing
oil  and gas containing strata. The cross-hatched area is oi l
bearing porous rock with natural gas trapped above i t .  The l id or
cap over the gas is the layer of non-porous rock. The porous rock
conta ins  g roundwater  tha t  must  be  kept  ou t  o f  the  dr i l led  ho le  by
the casing pipe. After dri l l ing several test holes around the area, a
sc ien t is t  usua l l y  can  ou t l ine  the  loca t ion  as  we l l  as  depths  to
other layers.
Dri l l ing Techniques
The two most  common dr i l l i ng  techn iques  are
the cable and rotary methods. However,  in recent
years  d i rec t iona l  d r i l l i ng  has  come in to  use .  Of  the
cable and rotary methods, the cable technique is the
much older of the two. History records i ts use
thousands of years ago.
Gab le  Dr i l l i ng
A d iagram o f  equ ipment  used in  cab le  d r i l l i ng  i s
shown in  F igure  3 .  A  cab le  d r i l l i ng  r ig  cons is ts  o f  a
smal l  mach ine  w i th  a  tower  o r  der r i ck  (F) ,  10  to  30
Fig. 2.-Hidden sources of oi l  and gas are trapped beneath one
or  more  layers  o f  imperv ious  rock  wh ich  fo rm a  l id .  By  dr i l l i ng  a
ser ies  o f  ho les  around the  area  sc ien t is ts  can loca te  and map the
ooten t ia l  a rea .  The o i l  does  no t  l ie  in  poo ls  bu t  i s  re ta ined in
minute  spaces  be tween rocks .  Th is  must  d ra in  ou t  s lowly  to
lower  po in ts ,  usua l ly  where  the  bo t tom o f  a  d r i l l ed  we l l  i s  loca ted .
fee t  in  he igh t ,  mounted  on  i t .  A  cab le  (B)  runs  over  a
pul ley (C) at the top of this tower and comes down
one s ide  to  a  power  d rum (D) ,  and the  o ther  to  a  b i t .
The cab le  a t  (B)  ra ises  and drops  the  b i t  by  ac t ion  o f
rock ing  beam (E) .
F ig .  3 . -D iag ram o f  a  cab le  d r i l l i ng  r i g .
The bi t  (A) is heavy. Dif ferent sizes and shapes
are  ava i lab le  fo r  go ing  th rough var ious  ear th  fo rma-
t ions .  The mach ine  ra ises ,  then drops  th is  b i t  over
and over ,  thus  punch ing  a  ho le  in  the  ear th  by
pu lver iz ing  rocks  and ear th .  When a  depth  o f  pu lver -
i zed  mater ia l  impedes or  cush ions  the  b i t ,  i t  i s
raised by the drum, and several  buckets of water are
poured down the hole. This soaks up the pulver ized
mater ia l  and ho lds  the  smal l  par t i c les  in  suspens ion .
A spec ia l  tube ca l led  a  ba i le r  (G)  w i th  a  va lve  in  the
bot tom,  i s  lowered in to  th is  l iqu id .  The bo t tom va lve
is then closed and the l iquid, with the earth part ic les,
i s  l i f ted  ou t  and dumped as ide  (H) .  Th is  p rocess  is
car r ied  ou t  many t imes un t i l  the  ho le  reaches  the
des i red  ep th .  Cab le  d r i l l i ng  i s  compara t ive ly  cheap
but is s low and cannot reach the great depths
needed today.
Rotary Dri l l ing
Rotary  d r i l l i ng  i s  complex  and expens ive ;  how-
ever ,  the  pr inc ip le  o f  opera t ion  is  s imp le .  The
opera t ion  is  s im i la r  to  a  person bor ing  a  ho le  in
wood or metal  with a dr i l l  press. A schematic
diagram of some of the essent ial  parts of the boring
mechan ism is  shown in  F igure  4 .
The ho l low square-shaped ke l l y  (F)  i s  d r iven
around and around by  the  ro ta t ing  tab le  (D)  and a t
the  same t ime can s l ide  up  and down th rough the
square hole in the rotat ing table. l t  is dr iven by a
la rge  cha in  (E)  o r  gears  connected  to  t ransmiss ions
on d iese l  eng ines .  The ke l l y  has  a  swive l  connect ion
(H)  a t  the  top  to  a l low l iqu id  to  be  pumped down the
dr i l l  p ipe  to  f  lush  ou t  cu t t ings  (G)  made by  the  b i t .  l t
a lso  has  a  l i f t ing  eye  ( l )  tha t  a l lows connect ion  w i th
the  ho is t  wh ich  can l i f t  many tons  o f  we igh t  to
change the  p ipe  or  the  amount  o f  we igh t  o  be  pu t  on
the  b i t .  In  very  deep ho les  th is  load can exceed 100
tons.
lmmedia te ly  be low the  ro ta t ing  tab le  and a t  the
end o f  the  ke l l y  i s  the  connect ion  fo r  the  dr i l l  p ipe .
Ex t ra  lengths  o f  d r i l l  p ipe ,  in  30  foo t  leng ths  (C)  a re
added as the hole deepens. At the end of the dr i l l
p ipe  is  the  dr i l l  s tem (B)  wh ich  is  s imp ly  a  connec-
t ion  be tween the  var ious  b i ts  (A)  and the  dr i l l  p ipe .
B i ts  can dr i l l  ho les  o f  var ious  s izes  f rom s ix  to  20
inches .
A d iagram o f  the  overa l l  d r i l l i ng  mach ine  is
shown in  F igure  5 .  The ro ta t ing  tab le  (D)  i s  mounted
in  the  f loor  o f  the  der r ick  on  heavy  bear ings  (N) .  l t
can be rotated by large chains or gears which are in
tu rn  connected  to  la rge  d iese leng ines  ( l )equ ipped
wi th  c lu tches ,  b rakes  and t ransmiss ions .  Rota t ion
speeds vary from 50 to 300 rpm. Slow speeds are
used when dr i l l i ng  hard  rock .
As  the  b i t  (A)  cu ts  a  ho le  (B)  th rough var ious
mater ia ls  in  the  ear th  (P)  by  shav ing  or  g r ind ing  the
mater ia l  in to  smal l  par t i c les ,  a spec ia l  iqu id  ca l led
mud (K)  i s  fo rced in to  a  hose (L )  by  pump (M) .  l t
] '
' ] ^
Fig .  4 . -Rotary  d r i l l i ng  equ ipment F ig .  5 . -Rotary  d r i l l i ng  r ig
then is forced through hose (Q) and swivel (G)
where  i t  goes  down the  dr i l l  p ipe  and is  fo rced ou t
th rough open ings  in  the  dr i l l  b i t .  Here  i t  f  lushes  the
par t i c les  back  up  the  dr i l led  ho le  on  the  ou ts ide  o f
the  dr i l l  p ipe .  A t  the  top  o f  the  ho le  th is  l iqu id  i s
d ischarged in to  the  s ludge p i t  where  the  ear th
par t i c les  se t t le  ou t  (K) .  Some o f  the  par t i c les  a re
occas iona l l y  caught  and examined to  de termine
what type of earth strata the bi t  is going through.
When the bi t  has worked i ts way into the earth
so that the top of the kel ly nears the rotat ing table,
the  opera tor  s tops  the  tab le .  Wi th  the  w inch  (F)  and
cab le  he  l i f t s  the  dr i l l  p ipe  and b i t  un t i l the  bo t tom o f
the  ke l l y  i s  jus t  above the  ro ta t ing  tab le .  In  th is
pos i t ion ,  spec ia l  c lamps ho ld  the  dr i l l  p ipe  wh i le  the
kel ly is unscrewed, raised, and a new sect ion of 30
foo t  d r i l l  p ipe  is  inser ted  a t  C.  The w inch  then lowers
the  dr i l l  p ipe  un t i l  the  b i t  res ts  on  the  bo t tom o f  the
ho le ,  and the  square  ke l l y  i s  aga in  engaged in  the
square  ho le  o f  the  tab le .  The ro ta t ing  eng ine  is
engaged and dr i l l i ng  cont inues .  The we igh t  o f  a l l
the  dr i l l  p ipe  must  be  car r ied  by  the  tower  (O)  and
the  suppor t ing  cab les  (H) .  Spec ia l  gauges ind ica te
the  we igh t  on  the  b i t  and ra te  o f  d r i  l l i ng .  The average
t ime a  c rew needs to  add a  new sec t ion  o f  d r i l l  p ipe  is
about  1  minu te .
When a  b i t  becomes worn  and needs rep lac ing
or  when the  b i t  en ters  a  new fo rmat ion  fo r  wh ich  i t  i s
no t  su i ted ,  a  change o f  b i ts  i s  requ i red .  Th is  en ta i l s
l i f t ing  a l l  d r i l l  p ipes  to  ge t  a t  the  dr i l l  s tem and
change the  b i ts .  Th is  opera t ion  is  s im i la r  to  add ing
the  30  foo t  leng ths  o f  d r i l l  p ipe  except  tha t  i f  the
der r ick  i s  ta l l  enough,  two or  th ree  sec t ions  o f  the  30
foo t  d r i l l  p ipe  can be  unscrewed a t  one t ime and
s tood on  end in  a  corner  o f  the  der r ick .  Th is  a l lows
the work to progress much faster.
Direct ional Dri l l ing
Di rec t iona l  d r i l l i ng  i s  a  techn ique tha t  in  the
past few years has been perfected and frequent ly
used.  l t  was  d iscovered by  acc ident .  l f  a  b i t  o r  par t  o f
the  dr i l l  p ipe  breaks  o f f ,  usua l l y  f rom excess ive
tw is t ing ,  and i f  i t  cannot  be  re t r ieved by  some
f  i sh ing  method,  the  c rew wi l l  d r i l l  a  new ho le  a round
the  obs t ruc t ion .  Th is  i s  done by  use  o f  a  d i rec t iona l
p lug  ca l led  a  wh ips tock .  Th is  p lug  has  a  cone-
shaped top offset to one side. There is a groove f  rom
the t ip  down the  s lan ted  s ide  o f  the  cone.  When the
new b i t  i s  lowered in to  the  ho le  and meets  th is  p lug ,
i t  is forced sideways through this groove and pro-
ceeds  to  d r i l l  ad jacent  o  the  p lugged ho le .
The operators discovered that by using succes-
s ive  p lugs  or  wh ips tocks  they  cou ld  g radua l ly  d i rec t
a bi t  many feet of f  to the side in a gradual ly curving
ho le .  Many we l ls  on  shore  can reach ou t  under
water and tap oi l  and gas pools that are thousands of
feet away.
This method is used on offshore r igs to al low
several  holes to be sunk from the same platform.
Th is  he lps  reduce the  cos t  per  ho le  o f  the  ex t remely
cost ly plat form. Direct ional dr i l l ing is also used to
s ink  a  new ho le  bes ide  one tha t  has  caught  f i re .  The
new hole can al low gas to pass through i t  and lower
the  pressure  in  the  o ld  ho le  so  tha t  the  f  i re  can be
cont ro l led .  l t  a lso  is  used to  p lug  the  o ld  ho le  to  s top
the f lame.
Casing the Hole
Frequent ly the dr i l led hole passes through
earth formations that are rather soft  and tend to cave
in, or passes through groundwater that must be kept
out.  In these instances, the hole must be cased.
Th is  means a  p ipe ,  loose ly  f i t t ing  the  dr i l led
ho le ,  i s  lowered un t i l  enough length  a l lows the
offending formations to be sealed off .  The casing
p ipe  is  he ld  in  p lace  by  concre te .  Th is  i s  done by
pumping wet ,  eas i l y  f low ing  cement  in to  the  cas-
ing .  The snug- f i t t ing  p lug  is  p laced on  top  o f  the
cement  and grea t  p ressure  is  app l ied  to  the  top  o f
the  p lug  by  pumping  in  mud;  the  mud fo rces  the
cement out the bottom of the casing and up the
outside between the casing and earth side. The plug
is  le f t  a t  the  bo t tom o f  the  cas ing  p ipe  un t i l  the
cement  hardens  in  p lace .  The p lug  is  o f  such a
mater ia l  tha t  the  dr i l l  b i t  can  go  th rough i t  eas i l y  to
c o n t i n u e  d r i l l i n g .
Bringing in the Wel l
Geolog is ts  work  c lose ly  w i th  the  dr i l l i ng  c rew.
The dr i l l i ng  c rew wi l l  keep c lose  watch  on  the  mud
dra in ing  ou t  to  the  s ludge p i t .  They  usua l ly  can  te l l
when the  b i t  i s  approach ing  o i l  o r  gas  fo rmat ions  or
s t ra ta .  Th is  i s  a  very  tense t ime fo r  the  c rew.  They
don ' t  want  unexpected  fo rces  to  ru in  a l l  the  work
they have done.
There are two forces that can dr ive oi l  up the
casing. One is groundwater from higher elevat ions
push ing  on  the  so i l .  The o ther  i s  gas  tha t  can  be
co l lec ted  above the  o i l .  l f  the  b i t  b reaks  th rough the
rock layer above a great volume of gas, this gas can
force i ts way up the casing; however,  the crew has
made prepara t ion  fo r  th is .  Spec ia l  va lves  and
gauges attached to the casing are already in place
and can be  au tomat ica l l y  c losed to  conta in  the  o i l  o r
gas under pressure.
Somet imes the  gas  is  d isso lved in  the  o i l  and
exerts very l i t t le pressure. These wel ls must be
p u m p e d .  M a c h i n e r y  s i m i l a r  t o  w a t e r  p u m p i n g
equipment is of ten used.
Very seldom is a high-pressure wel l  al lowed to
run away or blow out.  This is dangerous as wel l  as
very wasteful .  A large percentage of the oi l  wel ls
requ i re  pumping ,  so  there  is  l i t t le  danger  o r  loss .
Natural Gas Management
Natural  gas is always under pressure in the
ground, sometimes at several  thousand pounds per
square inch. l t  forces i ts way to the earth's surface
through the  man-made ho le .  The cas ing  p ipe ,  tha t
was cemented in  p lace ,  i s  the  condu i t  th rough
which  the  na tura l  gas  is  gu ided to  the  sur face .  A t  the
top of this pipe is attached a large master valve. This
valve can be quickly closed to shut off  the f low of
gas .  Above th is  i s  a  complex  assemblage o f  smal le r
pipes, valves and gauges referred to as a Christmas
Tree.  From th is  complex  o f  con t ro ls  the  gas  can be
sent  on  var ious  rou tes  th rough ga ther ing  l ines .
Natura l  gas ,  somet imes ca l led  dry  gas ,  can  be
qu i te  pure ;  tha t  i s ,  composed o f  on ly  methane (CHq)
and e thane (CzHo) .  The name is  ob ta ined f rom the
fac t  tha t  these two hydrocarbons  w i l l  no t  l iqu i fy
unless at extremely low temperatures.
Usua l ly  na tura l  gas  has  o ther  hydrocarbons
and chemica ls  mixed in  w i th  i t .  These can be
propane,  C.Hr ,  bu tane,  CoH,o ,  pentane,  CuH' ' r ,
hexane,  CuH,o ,  and heptane,  CrH, . .  These are  ca l led
heavy hydrocarbons because the molecules are
more  complex  and they  w i l l  l i qu i fy  a t  re la t i ve ly  h igh
tempera tures .  As  an  example ,  a  ga l lon  o f  l iqu i f ied
natura l  gas ,  LNG,  we ighs  2 .5  pounds wh i le  a  ga l lon
of  l iqu id  p ropane we ighs  4 .25  pounds.  Natura l  gas
f rom we l ls  conta in ing  var ious  quant i t ies  o f  these
heavier hydrocarbons is cal led wet gas.
The raw gas from the ground forces i ts way up
the  cas ing  and th rough the  ga ther ing  l ines  to
extract ion equipment where the heavier hydrocar-
bons ,  inc lud ing  some gaso l ine ,  a re  removed.  The
remain ing  methane and e thane mix tu re  i s  fed  in to  a
compressor which sends i t  through cross-country
l ines  to  var ious  consumers  a t  an  average o f  1 ,000
pounds per  square  inch .  A t  th is  p ressure ,  the  gas
t rave ls  about  15  mi les  per  hour .  When the  demand
for the gas is heavy, such as prolonged cold
weather,  the pressure can be increased to 4,000 to
5 ,000 pounds per  square  inch  wh ich  about  doub les
the  de l i very  vo lume.
Natural  gas may be stored in underground
caverns near large ci t ies i f  the cavernous area has
been proven to be gas t ight.  These large volumes of
gas act as buffers or surge dampers for any sudden
large  loads  tha t  migh t  be  requ i red  by  the  consumer .
Gas also can be stored in large, above-ground,
man-made tanks. The gas is cooled by ref r igerat ion
to-260"F.  A t th is  lowtempera ture  i t  i s  in  l iqu id  fo rm;
630 cub ic  fee t  o f  gas  w i l l  occupy  on ly  1  cub ic  foo t  o f
volume. The natural  gas i tsel f  is used as the cool ing
medium or  re f r igeran t ,  he  same as  f reon is  used in
home ref r igerators. Very large horsepower engines,
usual ly gas turbine types that burn natural  gas, dr ive
compressor pumps, thus increasing the pressure on
the  gas  many t imes.  Th is  h igh ly  compressed gas
gets very hot and is cooled by large radiators. This
gas  then is  a l lowed to  expand ins ide  another  rad ia -
tor causing the radiator to become very cold. The
res t  o f  the  na tura l  gas  is  pumped th rough th is  co ld
radiator and lowers i ts temperature. This cycle is
repeated in three stages so that the f inal  gas
tempera ture  is  -260oF and condenses  to  a  l iqu id .
There is no pressure exerted on the tank when in the
l iqu id  fo rm.  l t  i s  near ly  imposs ib le  to  compress
natura l  gas  enough to  fo rce  i t  in to  l iqu id  fo rm,  and
that 's the reason for the cool ing process.
Even though the  s to rage tank  is  insu la ted ,  the
l iqu id  gas  needs to  be  cont inua l l y  coo led  to  keep i t
at  the -260'F level.  l t  therefore takes some of the
fue l  in  the  eng ines  dr iv ing  the  re f r igera t ion  equ ip-
ment to keep the gas in a l iquid state; but al l  the gas
can be recovered from the storage tank which
cannot be done in cavern storage.
Meters are attached at var ious places in the
del ivery system so that c lose records may be main-
tained in each phase of the system. These meters
tel l  producers how much gas actual ly comes from a
wel l  to ensure that the landowner gets the proper
share ,  and how the  gas  is  d iv ided up .  The meters  a re
essent ial  in keeping track of how much gas is stored
in var ious places. Last of  al l ,  the meters at homes
and fac to r ies  show how much gas  is  consumed.
Dif ferences in total  readings from the wel l  to the
consumer indicate the losses. and thus the eff i -
c iency of the del ivery system.
Crude Oil Management
Oil  also may be brought to the surface by
natural  pressure. This pressure may be suppl ied
by some natural  gas trapped in pockets above the
underground pool of  oi l .  Sometimes, groundwater
pushes on  the  t rapped o i l .  Most  o i l  we l l s ,  however ,
reach down to pools of oi l  or into oi l  saturated sand
which has no pressure on i t ;  these wel ls must be
pumped.
Engineers descr ibe the removal of  oi l  f rom the
ear th  as  a  d isp lacement  p rocess .  The o i l  mo lecu les
do not have the abi l i ty to move themselves l ike the
natura l  gas  molecu les  do .  The o i l  must  be  pushed to
the  dr i l led  ho le .  l f  gas  or  water  p ressure  is  no t
ava i lab le ,  the  we l l  may be  dr i l led  deeper  than the  o i l
bear ing  fo rmat ion ,  and grav i ty  w i l l  cause the  o i l
mo lecu les  to  run  down to  the  we l l  where  they
accumula te  and are  l i f ted  by  pump to  the  sur face .
Art i f  ic ial  or man-made pressure can be used to
he lp  push the  o i l  f rom the  fo rmat ion  toward  the  we l l .
Natural  gas, water or sometimes steam can be
pumped down adjacent wel ls to force the oi l  in the
des i red  d i rec t ion .  S team can serve  a  doub le  pur -
pose. l t  can apply the pressure and can heat the
crude so that i t  f  lows more easi ly.  l t  is easy to see the
ex t ra  cos ts  invo lved in  hav ing  to  app ly  some o f  th is
assistance.
Many we l ls  w i l l f  low under  na tura l  p ressure  fo r
a  t ime and then beg in  to  dwind le  and eventua l l y
s top .  From th is  t ime on ,  a r t i f i c ia l  means must  be
employed,  usua l ly  pumping ,  to  b r ing  the  o i l  up .  The
most  common type o f  pump is  the  p is ton ,  rod  and
rocker  a rm shown in  F igure  6 .  Submers ib le  pumps
t.'L',i[?T J'ii.'Kr
Fig .  6 . -D iagram o f  an  o i l  we l l  pump.  The sucker  rod  ex tends
through the sealed cap valve at the top of the pipe to the bottom of
the  we l l  where  the  cy l inder ,  va lves  and p is ton  are  loca ted .  The
sucker rod l i f ts oi l  that is retained above the oiston to the surface.
The cy l inder  must  be  immersed in  c rude o i l ,  th in  and deep
enough to  f low th rough the  foo t  va lve  and f i l l  the  space above the
piston before the piston starts i ts upward movemenl.
are used in some places. The pump and the attached
electr ic motor are lowered to the bottom of the hole,
immersed in  the  o i l  w i th  e lec t r i c  power  p rov ided by
a long ex tens ion  cord .  O i l  pumping  equ ipment  i s
qu i te  s imi la r  to  tha t  used to  pump water .
S t r ipper  we l ls  a re  usua l ly  o lder  and produce
only a few barrels per day. They can be pumped only
a  shor t  t ime each day .  In te rmi t ten t  pumping  a l lows
oi l  f rom the cracks and crevices of the oi l -bearing
rock  or  sand fo rmat ions  to  d ra in  in to  the  bo t tom o f
the  we l l .  There  are  severa l  thousand such s t r ipper
we l ls  in  the  Un i ted  Sta tes  today  wh ich  produce
about  15  percent  o f  our  c rude o i l  needs .
The I  i f  e of an oi  I  or gas wel l  beg ins when the f  i  rst
raw products pass the master valve at the top of the
cas ing .  The we l l ' s  l i fe  ends  when i t  i s  abandoned
because i t s  p roduc ts  a re  uneconomica l  to  ob ta in .
Th is  happens when the  cos t  o f  p roduc t ion  is  g rea ter
than the pr ice received. The l i fe of any wel l  var ies
and can be  less  than a  year  to  more  than 50  years .
Some petroleum engineers have est imated that
one- th i rd  to  one-ha l f  o f  the  or ig ina l  c rude is  s t i l l  i n
the  ground and cannot  be  removed economica l l y  by
any of today's methods.
When i t  i s  de termined tha t  a  we l l  i s  to  be
abandoned,  the  sur round ing  area  is  c leaned up ,  and
the slush pi ts are covered deeply.  Then the si te is
regraded and resodded or planted with nat ive vege-
ta t ion .  The dr i l led  ho le  i t se l f  o f ten  is  p lugged w i th
cement at several  di f ferent levels to protect ground
water .  A l l  equ ipment  i s  removed,  and o f ten  w i th  the
regrowth of vegetat ion, i t  is very di f f  icul t  and maybe
imposs ib le  fo r  a  layman to  f ind  the  we l l ' s  fo rmer
locat ion. Of course, records are kept of the exact
locat ion, and surveyors could f ind i t  i f  necessary.
Refining Oi l
Usua l ly  the  f i rs t  s top  fo r  the  c rude o i l  a f te r
reach ing  the  top  o f  the  we l l  i s  a  nearby  s to rage tank .
When conven ien t ,  i t  i s  moved by  p ipe l ine ,  tank
t ruck ,  ra i l  tanker ,  barge  or  ocean tanker  to  a  re f  inery
fo r  p rocess ing .  There  i t  i s  pu t  in  loca l  s to rage tanks .
A re f  inery  i s  a  complex  p lan t  where  the  c rude o i l
is processed into many products. Some of these are
gaso l  ine ,  d  iese l  o i  l ,  lubr ica t i  ng  o i  I  and road- fo rming
aspha l t  (F igure  7) .
The c rude o i l  i s  made up  o f  many hundreds  o f
combina t ions  o f  carbon and hydrogen ca l led  hydro-
carbons. The fact that these various combinat ions
vaporize at di f ferent emperatures makes the opera-
t ion of the ref inery possible. The ref in ing process is
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nature the same process takes place by water
evaporat ing from exposed water surfaces, such as
the oceans, lakes and r ivers, and returning as
precipi tat ion in the form of snow, water or dew.
The crude oi l  is taken f  rom the ref inery storage
tank  by  p ipe  and pumped toward  the  d is t i l l a t ion
towers (Figure 9).  Here i t  enters a furnace which is
f i red by gas taken from the ref inery. The f i rst
f  ract ions or components of the crude to evaporate
are those hydrocarbons composed of the l ightest
molecule, which is propane, C.Hu. These vapors
travel up the tower to the top. Next to evaporate is
bu tane,  then gaso l ine ,  kerosene,  je t  fue l ,  d iese l fue l
and l igh t  lubr ica t ing  o i l .  A t  the  lower  end o f  the
tower  the  heav ies t  lubr ica t ing  o i l s  and greases  are
extracted, and at the very bottom the heavy prod-
ucts,  such as asphalt  are removed. The heat of the
f  u rnace is  kept  on  un t i l  a l l the  c rude has  evapora ted ,
and these vapors have entered the tower.
FUEL FOR TRAINS. SHIPS, ANO
OIESEL TRUCI(S
FUEL FOR POWER PLAiITS
LUBRICANTS, WAXES, ASPHALT,
AND P€?ROCHEMICAL PROOUCTS
EXPORTS ANO LOSSES
Fig. 7.*Approximate quanti t ies of various products obtained
from a barrel of petroleum that has been processed in a ref inery.
actua l l y  d is t i l l a t ion .  Th is  i s  a  p rocess  wh ich  ex t rac ts
a  gas  or  vapor  f  rom a  l iqu id .  In  theory ,  i t  i s  ac tua l l y
qu i te  s imp le .  A  ke t t le  o f  bo i l ing  water  on  a  s tove  is  an
example. The steam f rom the water is pure water;  al l
m inera ls  and so l ids  a re  le f t  beh ind  in  the  bo t tom o f
the kett le.  When the steam is al lowed to touch a cool
sur face  i t  condenses ,  tha t  i s ,  re tu rns  to  the  l iqu id
s ta te  aga in  and can be  co l lec ted  by  a l low ing  the
l iqu id  water  to  d rop  in to  a  conta iner .  One then has
pure water which is cal led dist i l led water.
A  labora tory  se tup  fo r  d is t i l l i ng  l iqu ids  i s  shown
in  F igure  8 .  The d is t i l l a t ion  process  ac tua l l y  in -
c ludes  two s teps ,  vapor iza t ion  and condensat ion .  In
Fig .  8 . -Labora tory  equ ipment  se t  up  fo r  d is t i l l a t ion  o f  a  l iqu id .
D is t i l l a t ion  means to  d r ive  vapors  f rom l iqu ids  by  heat ing  the
l iqu id ,  then condens ing  the  vapors  back  to  l iqu id  by  coo l ing .
GASES (PROPAiIE, BUTANE, ETHAI,IEI
FOR FUEL ANO PETROCHEMICALS
JET FUSLS ANO AVIATIOI{
GASOLINE
OIL ANO XEROSEI{E
FUEL FOR IXOUSTRY
GASOLIN€
KEROSENE
.ET FUEL
OIESEL FU€L
HEAVY FUEL
L I G B T  U J B
.  o t l
orL
MEOIUM LUB. OIL
H€AVY LUg. OIL
LIGHT ASPHALT (TARS)
HEAVY ASPHALT
Fig .  9 . -Frac t ionat ing  d is t i l l e ry  tower  in  a  re f inery .  The gas  and
s team come f  rom the  p lan t .  The tempera tu  re  in  the  f  u rnace keeps
increas ing  un t i l  a l l  the  c rude o i l  has  evapora ted .
Modern  re f  iner ies  opera te  on  a  cont inuous  f  low
method.  tha t  i s .  the  c rude f lows a t  a  cons tan t  ra te
in to  the  fu rnace.  The components  tha t  make up  the
crude are  d ischarged a t  a  cont inuous  ra te  f rom the
var ious  ex i ts  where  they  have condensed.  Thus ,  the
crude is  separa ted  in to  the  var ious  par ts  shown in
F ioure  9 .
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Petrochemicals
The aspec t  o f  na tura l  gas  process ing  and o i l
re f  in ing  tha t  dea ls  w i th  p roduc ts  o ther  than those
used for fuel  is cal led petrochemical processing.
The wide range of products themselves are cal led
pet rochemica ls .  The pe t rochemica l  indus t ry  ac-
counts  fo r  8  to  10  percent  o f  the  o i l  and  na tura l  gas
consumed in the United States each year.
Natura l  gas  f  rom the  we l l  usua l l y  con ta ins  many
va luab le  combina t ions  o f  hydrocarbons  o ther  than
the  CHo and CrHu (dry  gas) .  The CHo is  used main ly
as  fue l  fo r  homes and indus t ry .  Even the  dry  gas
furn ishes  ome produc ts ,  such as  carbon b lack  fo r
ink  and fo rmaldehyde fo r  use  in  p las t i cs  and dyes .
Proper processing is of course necessary to obtain
these usef ul  products. Many careers are wait ing for
the  h igh ly  t ra ined person who unders tands  these
procedures.
Heav ie r  hydrocarbons  taken f rom the  na tura l
gas  are  used to  ob ta in  some je t ,  d iese l ,  gaso l ine  and
kerosene fue l .  F rom the  propane and bu tane range
of  hydrocarbons  come such produc ts  as  v iny l  p las-
t i cs ,  e thy l  a lcoho l ,  ch lo ro fo rm,  syn the t ic  rubber ,
ni troglycerin,  acetone, ether,  ant i f  reeze, cosmetics,
and o f  course  the  l iqu i f  ied  propane and bu tane tha t
are  used as  a  handy,  por tab le  fue l .
Al l  the products taken from natural  gas go
through tal l  towers, to be separated, simi lar to the
f ract ional dist i l lat ion towers in the crude oi l  ref  inery.
Again the fact that each range of the hydrocarbon
combinat ion condenses at di f ferent temperatures
al lows the same system to be used.
Conclusion
The fact that the populat ion of the United States
is  us ing  o i l  and  gas  in  g rea t  quant i t ies  today  is  we l l -
known.  In  th is  pub l i ca t ion  i t  was  po in ted  ou t  tha t
petroleum engineers est imate that one-third to one-
ha l f  o f  the  or ig ina l  c rude is  s t i l l  i n  the  ground.
Because of the many sophist icated methods neces-
sary  to  b r ing  some o f  th is  remain ing  c rude to  the
ear th 's  sur face  so  i t  can  be  u t i l i zed  by  wa i t ing
consumers. the cost of  these fuels has increased
and probab ly  w i l l  con t inue to  inc rease.
The consuming pub l ic  shou ld  be  aware  o f  the
poss ib le  end to  these non- renewab le  fue ls  and
app ly  conserva t ion  methods .  Th is  w i l l  ex tend the
l i fe  o f  foss i l  fue ls ,  g iv ing  us  t ime to  deve lop  o ther
types of fuel .
1 2
Questions
To stimulate thought and greater understanding, answerthese questions with the best word(s) to make a
true statement. Refer to the material when necessary.
1. Scient ists today know exact ly how oi l  and gas were formed. (True or False)
2. Natural  gas is being formed today. (True or False)
3. The natural  gas formed today is of economic value to us. (True or False)
4. What is the init ial source of energy input into our fossi l  fuels?
5. What two enormous events were necessary to form the abundance of gas or oi l?
6. What do farmers do today that is s imi lar but on a smal ler scale?
7. Are bacteria lways present on l iving plants? (Yes or No)
8. Coal is very close kin to oi l  and gas. (True or False)
L What is the main difference between oi l  and gas and coal?
10. Coal,  oi l  and gas come from the same organic family cal led
11. A molecule of hydrocarbons contains what two elements?
12. Why are hydrocarbons cal led fuels?
13. What two groups of people are ski l led at locat ing possible sources of oi land gas?
and
14. Name three instruments used most by geologists in their  work.
15. Oi l  and gas are only found in sedimentary rock. (True or False)
16 .  A l l  c rude o i l  looks  the  same.  (True  or  Fa lse)
17. What two mechanical  methods are used to dr i l l  holes in the earth?
18.  Rotary  equ ipment  i s  more  complex  than cab le  equ ipment .  (True  or  Fa lse)
19. Each piece of dr i l l  p ipe is 30 feet long. (True or False)
20. The weight of the dri l l  pipe in deep wells can be over 100 tons. (True or False)
21. The l iquid that is used to f lush the cutt ings out of the dr i l led hole is cal led
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22. The l i f t ing winch serves two purposes. One is to l i f t  the pipe to add or take out the 30 foot length of dr i l l
p ipe, and the other is to adjust the load on the dr i l l  b i t .  (True or False)
23. Rotat ion speeds of the bi t  can vary from rpm to
24.  The d i rec t ion  or  s lan t  o f  a  ho le  can be  changed by  us ing  d i rec t iona l  p lugs  ca l led
25. Direct ional dr i l l ing al lows a r ig on shore to reach out under water and tap oi l  sources. (True or False)
26. The dr i l l ing crew is usual ly alert  to approaching oi l  or gas bearing strata. (True or False)
27.  Casing p ipe is  used to  seal  out  ground water  and to  suppor t  ear th that  cont inual ly  caves in .  (True or
False)
28. Gas always forces i ts way to the surface, but oi l  a lways has to be pumped. (True or False)
29 .  The dr i l l i ng  c rew is  usua l ly  ready  to  dea l  w i th  expec ted  h igh  pressure  gas  by  a t tach ing  var ious  cont ro l
valves and gauges at the top of the pipe. This assembly of pipes and valves is cal led a
30. Pure, natural  gas (dry gas) is made up ent irely of two gases, and
31. Natural  gas can be stored in underground, cavernous areas. (True or False)
32. Storage of natural  gas can be economical ly accomplished in strong, high pressure tanks. (True or
False)
33. What temperature must natural gas be cooled to before i t  condenses to a l iquid?
34. Do al l  oi l  wells require pumping? (Yes or No)
35. Why are wells abandoned?
36. What is the purpose of a refinery?
37. Dist i l lat ion is the process used in a ref inery. (True or False)
38. What fact makes the ref ining process possible?
39. Al l  products, other than fuel,  obtained from the gas from wel ls are cal led
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Answers
1 .
2.
3.
4.
5.
6 .
7 .
8 ,
9 .
1 0 .
1 1 ,
' t2.
13 .
14.
15 .
16 .
17 .
18 .
19 .
20.
F
T
F
sunl ight
plants and upheaval of earth's crust
place green plants in a si lo
yes
T
more animal remains in oi l  and gas
hydrocarbons
hydrogen and oxygen
They wil l  burn.
geologists and geophysicists
magnetometer, seismograph, gravimeter
T
F
cable and rotary
T
T
T
21.  mud
22. T
23.  50,300
24. whipstock
25. T
26. T
27. T
28. F
29. Christmas Tree
30. methane and ethane
31 .  T
32. F
33. -260'F
34. no
35. not economical
36. to process crude into products
37.  T
38, Parts vaporize at various temperatures.
39. petrochemicals
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